Background: Unprotected sexual intercourse exposes the female genital tract (FGT) to semen-derived antigens, which leads to a proinflammatory response. Studies have shown that this postcoital inflammatory response can lead to recruitment of activated T cells to the FGT, thereby increasing risk of HIV infection. Objective: The purpose of this study was to evaluate the impact of sex work on activation and memory phenotypes of peripheral T cells among female sex workers (FSW) from Nairobi, Kenya.
Introduction
U nprotected vaginal intercourse is the main mode of HIV acquisition in women. It also results in exposure to client-derived immune and sperm cells, which have a strong immune stimulatory capacity. 1 Exposure to seminal fluid can also cause the release of chemokines, cytokines, and other innate factors at the female genital tract (FGT). 2 A release of interleukin (IL)-8 and IL-10 has been observed in cervical explants exposed to seminal plasma. 3 Recruitment of macrophages, dendritic cells, and granulocytes into the endometrium of mice has been observed within hours of mating. 4 In humans, Sharkey et al. reported, following exposure to seminal fluid, changes in expression of proinflammatory cytokines and chemokines and a robust recruitment of macrophages, dendritic cells, and memory T cells. 5 The induction of cytokines/chemokines and the increased number of CD4+ T cells that is observed in the FGT after sexual activity may increase the risk of HIV acquisition in women. Sperm antigens can also induce expression of Th17 cells, 6 a subset of T cells that are preferential targets of HIV infection. observed between individuals. Indeed, some individuals, despite being at high risk of HIV acquisition, remain HIV uninfected [HIV-exposed seronegative (HESN)]. Both genetic and immunological factors have been identified as correlates of natural protection from HIV. 8 HESN female sex workers (FSW) from Nairobi, Kenya, have been shown to have lower mucosal and peripheral immune activation than HIV-uninfected women newly practicing sex work and lowrisk women not involved in sex work, resulting in a potential reduction of targets cells at the portal of entry. 9, 10 In peripheral blood, HESN express low levels of the acute activation marker CD69 on T cells, 11 lower expression of genes encoding T-cell immune function, 12 lower production of proinflammatory cytokines, 9 and reduced IL-17 and IL-22 production by Th17 cells. 13 HESN sex workers also have elevated mean percentages of T-regulatory (T-reg) cells, 11 leading to an immune quiescence phenotype.
A recent study from our group has shown that duration of sex work correlates with lower levels of proinflammatory cytokines and chemokines and lower frequency of CCR5+CD4+ T cells and activated CD8+ T cells in the FGT among FSWs when compared to low-risk women from the same community.
14 These reductions in immune activation markers were noted as early as 1 year following initiation of sex work and were even more pronounced in women reporting being active in sex work for more than 7 years.
14 Hence, it may be possible that among experienced sex workers there is an enrichment of women with low immune activation or alternatively that continuous exposure to sex antigens may induce a T-cell tolerance resulting in reduced immune activation. What is not known is the duration of the sex-induced reduction in immune activation and its potential impact on HIV susceptibility. This is particularly important as a break from sex work has previously been associated with late seroconversion in some HESN FSWs from the Pumwani cohort. 15 Based on these observations, we hypothesized that HESN may have better control of sex-induced immune activation, by a yet unknown mechanism, compared to those that have been in sex work for a shorter period. This study was designed to evaluate the impact of sex work on systemic T cells. We compared the response to interruption of sex work among HESN, New Negative, and HIV-positive sex workers to assess difference in immune activation among the groups.
Materials and Methods

Study participants
This study was conducted among FSWs from the Pumwani Sex Workers Cohort. This cohort was established in 1985 and has been well described. [16] [17] [18] Thirty women were followed for this study with 10 women included in each group; HESN, New Negatives, and HIV positive. Based on an epidemiological model, 17 HESN were women who were actively involved in sex work for over 7 years and remained seronegative for HIV. New Negatives were women who had been in sex work for 3 years or less and HIV uninfected. HIVpositive women were those with confirmed HIV serology, had CD4 counts above 350 cells/mm 3 , and were antiretroviral therapy naive in accordance with Kenyan treatment guidelines at the time of the study. Women were included if they were 18 years or older and if they reported being actively involved in sex work. Women were excluded if they were pregnant, breastfeeding, in menopause, or had any sexually transmitted infections at recruitment. At every study visit, each participant answered a questionnaire regarding sociodemographics, sexual and reproductive history, number of clients and regular partners, and other clinical factors. The Kenyatta National Hospital/University of Nairobi Ethics Review Committee and the University of Manitoba Ethics Review Board approved this study. Written informed consent was obtained from each participant.
Experimental design
This was a substudy nested within the on-going Longitudinal Assessment of Mucosal Immune Quiescence (LA-MIQ) study. Blood samples were collected at three time points over a 3-month period. Visit 1 constituted the baseline sample during active sex work. Visit 2 samples were taken during a 4-week sex break when participants were asked to abstain from sexual activities. Women were compensated for the loss of income during the abstinence period. Abstinence was confirmed using a prostate-specific antigen (PSA) rapid test kit (Seratec PSA Semiquant, Göttingen, Germany). Following the sex break period, the women then went back to active sex work. Samples taken at Visit 3 were collected after reintroduction of sex work. To synchronize the time of sampling among participants, all study samples were taken within 10 days of the completion of menses, which constituted the follicular phase of the menstrual cycle.
Sample collection
At each visit, 20 ml of venous blood was collected by venipuncture into sodium heparin anticoagulant tubes. Peripheral blood mononuclear cells (PBMC) were then isolated using the Ficoll-Hypaque technique.
Immunophenotyping assay
Fresh PBMCs were stained with a cocktail of 10 fluorochrome-conjugated monoclonal antibodies from Beckton Dickinson (BD) Biosciences (Mississauga, Canada): Anti-CD3-PECy5, Anti-CD4-FITC, Anti-CD8-V500, Anti-CD45RA-Alexa700, Anti-HLA-DR-APC-H7, Anti-CD69-PECy7, Anti-CCR7-PE-CF594, Anti-CCR5-V450, Anti-CD161-APC, and Anti-CD95-PE. The cells were then incubated for 30 min at 4°C and then washed with 100 ll of FACS Buffer by centrifuging at 1,600 rpm for 10 min at 4°C. The supernatant was then removed. The stained cells were then resuspended in 300 ll of Fix solution (1% Paraformaldehyde: one part of BD Fix solution and three parts of FACS buffer) before acquisition on the BD LSR II cytometer. Expression of these markers was analyzed using FlowJO software (version 10.0.7; Tree Star, Ashland, OR). Memory markers were defined as follows: Naive cells CD45RA+ CCR7+, terminally differentiated T effector cells CD45RA+ CCR7-, T central memory CD45RA-CCR7+, and T effector memory CD45RA-CCR7-. An example of the flow cytometry gating is provided in Figure 1 .
Statistical analyses
Statistical analyses were performed using GraphPad Prism software (version 6.0; La Jolla, CA). Gaussian distribution was tested by the D'agostino and Pearson Omnibus test. The Kruskal-Wallis test was used to compare variables that were not normally distributed. One-way ANOVA was used to test mean differences of normally distributed variables. Comparison of mean expression of activation markers between time points was done using the Tukey's multiple comparison test. Comparison of mean density of expression of activation and memory markers between the three groups and time point was done using two-way ANOVA, and if statistically significant, the Dunn's multiple comparison test was used as the post-test. The chisquare test was used to compare categorical variables. Statistical significance was accepted if the p-value was £.05.
Results
Sociodemographics
We recruited 30 women from the Pumwani Sex Worker Cohort in this study, 10 in each group. Table 1 shows that there was no difference in age between the three groups. Due to the criterion used to define the length of follow-up for HESN and New Negatives, there was a significant difference in the duration of sex work for the three groups with the HESN having the highest median duration of 11.5 years [interquartile range (IQR) 9.5-13.75], New Negatives 3.0 and HIV positives 7.0 (Table 1) . CD4 counts were done for all participants at recruitment, and as expected, the HIVinfected women had the lowest median count of 610 cells/ mm 3 to sampling at visit 1 compared to the HESN and New Negatives (11, 8.5, 8 , respectively, p = .05), however, all of these times would have been in the follicular phase of the menstrual cycle. The HIV-positive group also had significantly higher median number of clients in the week before the first study visit ( p < .03)compared to HESN and New Negative women (12; 5; 2; respectively). No differences were observed among the three groups for number of regular partners, condom use with either clients or regular partners, and PSA test positivity. However, PSA was detected in two HESN women despite the fact that they reported abstinence during the sex break.
Comparison of T-cell activation marker expression
To assess the impact of sex work on peripheral immune activation, we measured the density of expression of activation markers on T-cell subsets. T cell activation was defined by the single expression of CCR5, CD95, CD69, or HLA-DR on CD4+ and CD8+ T cells. No difference in expression of these markers could be observed between active sex work, sex break, and return to sex work within the groups in the CD4+ Tcell population. In the HIV-positive group, in the CD8+ CCR5+ subset, we observed a significant decrease from active sex work (V1) 7.5% (IQR 5.2-9.9) to interruption of sex work (V2) 3.5% [IQR 2.3-6.5, ( p < .01)] (Fig. 2A) .
Comparison of CD161 expression
CD161 was used as a surrogate marker for Th17 cells in the CD4+ population and Mucosa-Associated Invariant T cells (MAIT) in the CD8+ population. Th17 cells are important HIV target cells and have been showed to be quickly depleted in HIV infected. 19 MAIT cells play an important role in host defense against pathogens and despite not being direct HIV target cells, this population is depleted in patients with early infection, which could increase their susceptibility to opportunistic infections. 20 We analyzed expression of CD161 to determine if these cell populations are affected by an interruption of sex work. In the HIVpositive group, a significant increase in CD161 expression was observed in the CD4+ subset between sex break 8.9% (IQR 4.0-13.9) and upon return to sex work 13.0% [IQR 9.6-17.0), p = .05; Fig. 2B ].
T-cell memory phenotypes
An increase in the proportion of terminally differentiated effector (T EFF ) CD4+ T-cell subset was observed in the HIVpositive group during the sex break (2.1%, IQR 1.3-3.4), followed by a reduction upon resumption of sex work (0.8%, IQR 0.5-3.4; ANOVA, p = .04) (Fig. 2C) . Furthermore, a trend toward decreasing proportion of naive CD8+ T cells over the three time points in the New Negative group was observed ( Fig. 2D ; p = .09).
Comparison of pattern of response to interruption of sex work
No significant differences were observed between the three groups during the sex break period in terms of expression of activation markers on both CD4+ and CD8+ T cells (data not shown). Interestingly, independent of groups, interruption of sex work reduced the proportion of CD8+ naive T cells 
Discussion
Exposure of the FGT to semen-derived antigens during unprotected vaginal intercourse can result in an inflammatory response leading to recruitment of T cells to the mucosa, 5 which can increase the risk of HIV infection. Sex antigen stimulation may also lead to the expansion and differentiation of memory T cells that are primed to mount secondary responses against these antigens upon reexposure. We have previously reported that HESN have higher levels of systemic regulatory T cells (Tregs) and lower levels of systemic immune activation. 11 In this study, we hypothesize that sex work results in exposure to immune stimulants, which can drive systemic activation of T cells, and based on HESN FSW-reported higher levels of systemic Tregs and lower immune activation state, they would be able to downregulate such sex-driven immune activation more effectively than their New Negative and HIV-positive counterparts.
We observed that following interruption of sex work, fewer CD8+ T cells expressed CCR5 in HIV-positive FSWs ( Fig. 2A) , whereas the proportion of effector and memory T cells did not change in this subset. CCR5 is a chemokine receptor, which plays a critical role in the migration of antigen-specific effector and memory CD8+ T cells to tissues and secondary lymphoid organs. 21 This suggests that in the HIV-positive women, taking a break from sex work may reduce sex-induced inflammation at the FGT, and this is reflected in the systemic compartment through a reduction of migratory capacity of memory CD8+ T cells to the FGT. Notably, even in the context of HIV-induced immune activation, an interruption of commercial sexual activity reduces peripheral expression of CCR5 on CD8+ T cells. This underlines the strong impact of sex-related immune stimulation. We further observed that compared to HESN and New Negative, HIV-positive sex workers reported a higher number of clients in the week before starting the study (Visit 1). Despite   FIG. 3 . Proportions of effector memory, naive, and CD95+ CD8+ T cells between groups.HIV-positivesexworkers had a higher proportion of effector memory (A) and CD95+ CD8+ T cells (C), but lower naive CD8+ T cells (B) than HESN and New Negatives. Independent of groups, sex work had an impact on CD8+-naive T cells (C). HESN, HIV-exposed seronegative. Color images available online at www.liebertpub .com/aid the fact that the reported unprotected sex in this period was similar in all groups, the HIV-positive women could still have had higher exposure to seminal fluids while in active sex work leading to inflammation and therefore explaining, in part, why the interruption of sex work has a greater impact on CCR5 expression on T cells in the HIV-positive group. It may also be possible that interruption of sex work has a greater effect on the HIV-positive women because of preexisting immune dysregulation on account of HIV infection.
CD4+ T cells expressing CD161 are considered to be Th17 cells, 22 a proinflammatory T-cell subset. Th17 cells play a role in mucosal antimicrobial immune responses. 23 These cells have been shown to be preferentially infected by HIV and depleted from the gut 19 and cervix 24 of HIV-infected individuals. In the context of sex work, we observed that HIVpositive sex workers displayed a significant increase ( p = .05) in the proportion of Th17 cells in the blood following resumption of sex work (Fig. 2B) . As self-reported condom use was almost 100% during this period, it is hard to draw a conclusion on this observation. However, it has been shown that self-reported use of condom does not always match with the reality, 25 which might have been the case herein. Overall, we observed that an interruption in sex work did not affect systemic expression of markers of T-cell activation, the frequency of Th17 cells, and memory T-cell phenotypes in HESN and New Negatives. However, we observed a trend ( p = .09) in decreasing frequency of naive CD8+ T cells in the blood over time among New Negative women (Fig. 2D ). This could imply that these women, who are relatively new in sex work, develop a specific memory against sex antigens over time, decreasing their pool of naive T cells. Although we did not observe a concomitant increase in the frequency of the other memory phenotypes in blood, it is possible that these may populate the secondary lymphoid organs to be differentiated into effector cells capable of migrating to the FGT to perform their effector functions. Furthermore, in the HIV-positive group, we observed an increased frequency of terminally differentiated CD4+ T cells implying that the absence of sex-driven antigenic stimulation at the genital tract results in the cells trafficking back into the blood (Fig. 2C ).
An important observation made in this study is that, independent of sexual activity, HIV-positive participants exhibited higher levels of CD8+ effector memory T cell and higher CD95 expressing CD8+ T cells (Fig. 3A,C ) that are consistent with previous studies. Alterations in the frequencies of CD8+ naive and T EM during the course of HIV infection have been described 26 with an expanded T EM cell population 27, 28 and lower frequency of naive T cells 29 compared to healthy controls or acutely infected persons. This skewed distribution of memory phenotypes has been associated with immune activation and disease progression. 30 The increased expression of CD95 on CD8+ T cells is also a feature of HIV infection 31, 32 and is evidence of increased activation or apoptotic potential of memory T cells. Taken together, these observations demonstrate that our assay, which detects ex vivo T-cell phenotypes and activation, is consistent with other studies.
The impact of the menstrual cycle on immune activation may be an important factor when studying the immune system in women. To control for this, we collected samples at the follicular phase of the menstrual cycle, although HIV-positive women did have more time from last menses to the first visit (11 days vs. 8.5 and 8 for HESN and New Negatives).
Condom use is also an important cofactor to consider in this study. We did not observe any significant differences in self-reported condom use with clients or unprotected sex with regular partners among the three groups. This implies that instances of protected and unprotected sex during the phases of active sex work were similar across groups. However, we did not test for PSA at all study visits and this presents a limitation in our ability to predict exposure to seminal fluid during sex work. We acknowledge that this may impact the results presented herein. Sharkey et al. reported that leukocyte recruitment to the FGT did not occur with abstinence or condom use, concluding that direct interaction between seminal constituents and genital cells is responsible for the inflammatory response. 5 Therefore, condom use or the physical stimulation associated with sexual intercourse may not be responsible for the induction of inflammation at the genital tract or in peripheral blood.
We were unable to demonstrate any significant difference in the systemic levels of T-cell immune activation in response to the interruption of sex work across all groups. The modest sample size of this study (10 participants per group) may be a limitation in our ability to detect a difference between the groups. It is also possible that the impact of sex work on T-cell activation remains local with activation and proliferation of resident genital mucosal T-cell population that do not traffic back to the blood compartment. Further studies looking at genital T-cell activation are needed to address this question.
Importantly, this study did demonstrate that in all three groups, the initiation of a period of sexual abstinence resulted in a significant decrease in the proportion of systemic CD8+ T cells, which were of a naive phenotype (Fig. 3B ). This may suggest that any immune regulation that was initiated because of sex work may be reduced during the sex break period, thereby allowing more naive cells to differentiate into various memory and effector phenotypes. A careful investigation of Treg mechanisms in the systemic and mucosal compartments during sex work is needed.
Overall, this study showed that sex work does have a significant impact on the systemic T-cell memory phenotypes, although changes in T-cell activation markers were not noted. This study suggests that additional investigations on the impact of sexual activity on the local and systemic immune response are warranted.
